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[bookmark: _Toc158194662][bookmark: _Toc158724793][bookmark: _Toc163071511][bookmark: _Toc166013857]1. Introduction
In this document, we discuss several different aspects of CONNECTED mode LP-WUS design, including:

· the monitoring occasion design
· the timeline between the LP-WUS reception/detection and PDCCH Monitoring
· activation/deactivation of LP-WUS monitoring
· LP-WUS payload
· Coexistence with existing UE power saving features

From those discussions, we provide our observations and proposals.

[bookmark: _Toc158194663][bookmark: _Toc158724794][bookmark: _Toc163071512][bookmark: _Toc166013858]2. Discussion
[bookmark: _Toc166013859]2.1	LP-WUS Procedures to trigger PDCCH monitoring.

Below is the RAN1#116-bis updated agreement detailing the options for how LP-WUS could be used to trigger PDCCH monitoring in connected mode.  In this section, we share our views regarding these options.


	Agreement
· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX
· Option 1-2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· [bookmark: _Hlk165973077]Option 1-3: LP-WUS monitoring inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded should be considered.
· RAN1 does not discuss C-DRX related timers other than drx-onDurationTimer, this topic is up to RAN2
· Note: Above does not preclude to support fallback mechanism to trigger PDCCH monitoring, if any






[bookmark: _Toc165907679][bookmark: _Toc166013860]2.1.1      Comparison of options
High level pros and cons of these schemes are summarised in the table below.

	
	Pros
	Cons

	Option 1-1
PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
	· Ease of specification.
Much of the existing Rel-16 DCP text/procedures can be reused with minimal changes. 

· Legacy cDRX settings can provide a simple fallback mechanism.  
With some new LP-WUS exit criteria/trigger, e.g. inactivity timer, power thresholds or explicit network indication, the UE can fallback to reusing the cDRX onDuration for monitoring PDCCH without LP-WUS. 

	· Limited power saving gains Compared to legacy DCI based DCP scheme and other LP-WUS schemes (due to cDRX configuration being limited by latency requirement)

· No  latency benefit 
As the cDRX configuration is determined by trade-off between power saving and latency requirement there is no latency gain compared to the legacy.

· Legacy cDRX sets upper bound on MR power consumption for ongoing measurements.
· Legacy DCI based DCP supports very similar functionality.

	Options 1-2-1
PDCCH monitoring may be additionally triggered based on legacy C-DRX
	· Reduced latency
Additional ACTIVE times can be created between the legacy cDRX onDurations, and compensate the possible increase due to MR transition time.

· Legacy cDRX settings can provide a simple fallback mechanism.  
· Scope to relax Legacy cDRX setting to reduce power consumption for ongoing MR measurements
As latency requirements could be relaxed for cDRX operation/configuration perspective, more power saving benefit could be attained. This is subject to many factors, including the traffic type.,
	

	Option 1-2-2
PDCCH monitoring is not triggered by legacy C-DRX cycle
	
	· Specification complexity
Specifications would need updating to not use legacy ACTIVE periods for at least C-RNTI PDCCH monitoring.  Given the different RNTIs that use legacy cDRX, this is expected to be very complex.


	[bookmark: _Hlk165975324]Option 1-3

“inside at least legacy C-DRX active time”
	· Legacy cDRX settings can provide a simple fallback mechanism
	· Limited power saving gains 
Given the typical duration of the onDuration period relative the wake up time required for the MR from even a light sleep (6ms), and that during the onDuration itself, the MR may already be awake for other reasons (eg.measurements), we do not expect this scheme to provide any significant power savings compared to the other schemes.

· Legacy cDRX sets upper bound on MR power consumption for ongoing measurements.



Given the pros and cons described in the above table, we feel that the “inside legacy C-DRX active time” LP-WUS scheme should be deprioritised given:

· Limited power gains, due to the MR being restricted to a light sleep mode to reduce the wake-up time within the limited onDuration.  
· Reduced PDCCH monitoring opportunities within the same onDuration period, due to the MR wake time.

Proposal 1:     RAN1 deprioritise further study into option 1-3.

Option 1-1 offers an alternative to DCI-based DCP.  However, due to reasons listed below, we do not see any benefit in specifying this as a standalone option.

· Additional power savings benefit compared to the legacy can be limited, accounting for MR measurements and traffic KPI constraints to cDRX configuration
· The legacy cDRX configuration that is maintained for this scheme, effectively sets on upper bound on the power savings that can be obtained. 
· Reduced functionality compared to the DCI-based DCP given the smaller payload i.e. SCell dormancy operation would need to be excluded.
· No benefit or increased latency due to the longer time gap required between LP-WUS detection and PDCCH monitoring to enable deeper MR sleep states for power saving.

Proposal 2:     RAN1 deprioritise further study into option 1-1 as a stand-alone option.

We see the most potential benefits coming from Option 1-2. Both sub-options would enable more aggressive cDRX configurations to be supported for saving power and this benefit would be expected to be equal for both sub-options. Option 1-2-1 would in our view have fewer specification impacts from RAN2 perspective as it would limit the changes to legacy operation, only adding possible new PDCCH monitoring occasions for data. Hence, we prefer Option 1-2-1, combined with option 1-1 to help trigger the legacy onDuration monitoring in a more power efficient manner. 

Proposal 3:     RAN1 prioritise further study into option 1-2 combined with option 1-1.

[bookmark: _Toc166013861]2.2       Timeline between LP-WUS reception/detection and PDCCH monitoring

During the RAN1#116 meeting, the following agreement was made regarding the timeline between LP-WUS reception/detection and PDCCH monitoring.  In this section, we provide our views regarding the outstanding FFSs.

	Agreement
For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
FFS: Whether the minimum time gap values can be more than one



As captured in the study item TR, TR38.869, at least for idle mode, this time gap is closely related to the sleep state.

	The MR sleep states considered for LP-WUS/WUR evaluation in RRC_CONNECTED are the same as for baseline: deep sleep state with a 20 ms transition time, light sleep state with a 6 ms transition time, or micro sleep without any transition time, as described TR 38.840. Ultra-deep sleep state is not considered for LP-WUS/WUR in RRC_CONNECTED state as a 400 ms transition time is too long to allow the MR to be ready for PDCCH monitoring from the ultra-deep sleep state considering the traffic requirements for NR.



For the configuring of the time gap between the LP-WUS triggering and PDCCH monitoring occasions, different aspects could be considered. From UE power saving perspective, the allowed MR sleep state is the key. As quoted above, the transition times based on the Rel-16 UE power saving model can be considered.
 
For connected mode operation, similar to cDRX and earlier power saving studies, it should be assumed that MR is ready for reception at the start of intended PDCCH monitoring duration. As the ultra-deep sleep state is not considered the MR frequency and timing synchronisation should be sufficient. It could be assumed that the UE autonomously activates the MR to perform synchronisation based on SSBs and other CSI-RS configured for the UE (accounting already the MR activity needed for RRM measurements, such as RLM). For very long cDRX periods, it could be considered if some tolerance would need to be considered for the UE transition time to optimize power saving.

Observation 1: 	As with earlier CONNECTED mode power saving schemes, it should be assumed that the UE can autonomously activate the MR if needed for maintaining synchronisation.

The time gap between the LP-WUS and when PDCCH monitoring starts determines the applicability for the LP-WUS based power saving scheme for Connected mode. The latency KPI is mainly driven by the traffic type, thus, to enable network to flexibly use the LP-WUS, the time gap between LP-WUS monitoring (to trigger) and related PDCCH monitoring, should be configurable by the network. Effectively, if a shorter time gap is configured, the UE sleep states may be restricted. This does not however remove the benefit fully, as the UE can apply lower sleep states with shorter transition time if the configured gap does not allow it to apply deeper sleep states. As the sleep state and the power saving state are UE implementation aspects, it is seen better to allow network to configure the gap based on the traffic demands to make the use of LP-WUS feasible. 


Observation 2: 	To enable flexible use of LP-WUS for UE power saving benefit, the configuration of the time gap (between LP-WUS monitoring and associated PDCCH monitoring) should be network controlled.


Given the range of different:

· traffic types and their sensitivity to delay
· device architecture designs and costs
· power savings targets for different devices/use-cases
· network scheduling constraints due to other traffic

It is reasonable to expect that in different scenarios, different time gaps are configured.   From a network perspective, it is preferable that all devices share common capability in terms of support for time gap between LP-WUS monitoring and associated PDCCH monitoring , for the following reasons:

· Makes scheduling easier and avoids having to compromise to the least able UE present.
· Reduces signalling. 

Whether the network always configures the gap based on this minimum capability or uses a larger value, allowing devices to exploit deeper and more power efficient sleep modes, should be left to the network.   Without network knowledge of the exact mapping of UE sleep states to specific time gaps, the network cannot be expected to optimise the time gap configuration and this may also be counterproductive in terms of applying LP-WUS to different traffic types.  To expect this mapping to signalled by each UE is unrealistic given the overheads.  To expect this mapping to be predefined in specifications, is also unrealistic, given the range and evolution of device architectures.

Proposal 4:   	A configurable minimum time gap is specified that all devices using LP-WUS in connected mode, are expected to meet.
	FFS    The value.





[bookmark: _Toc166013862]2.3       Activation/deactivation of LP-WUS monitoring

At the RAN1#116 meeting, the following agreement was made.  In this section, we provide some initial thoughts from the RAN1 perspective.

	Agreement
For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· In case LP-WUS monitoring is enabled, following options are further studied
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.




In the above agreement, there are several FFSs regarding whether to support UE assistance and implicit/explicit indication from the UE.

In general, we should strive to minimise the signalling involved with operating the LP-WUS, to reduce power and resource consumption as well as minimise processing delays.   

Observation 3:     Minimising signalling to support the operation of LP-WUS can help reduce power and resource consumption as well as minimise processing delays.

Since at the same time the network seeks to enable LP-WUS, the UE may start an operation (e.g. send an UL SR) that makes the use of LP-WUS redundant, we support the option of UE assistance/feedback when enabling LP-WUS.

Proposal 5:       	From a RAN1 perspective, when enabling LP-WUS to trigger PDCCH monitoring in RRC CONNECTED mode, an option for using UE assistance is supported.

If after the LP-WUS has been enabled, the device is unable to use LP-WUS, then an option for the device to explicitly indicate to the network a loss of LP-WUS service could prevent the network from wasting resources transmitting LP-WUS unnecessarily and improve the device experience by allowing earlier reconfiguration to non-LP-WUS optimized mode of operation.

Proposal 6:    	From a RAN1 perspective, an option to support explicit UE feedback to indicate loss of LP-WUS in CONNECTED mode is supported.    

The final part of this agreement presents a lot of different options for the criteria used to define the transition to/from LP-WUS monitoring and PDCCH monitoring.  In the following table, we provide our initial thoughts on the various options for the activation and deactivation of LP-WUS monitoring when LP-WUS functionality has been enabled.




	
	General Comments

	Option 1: 

No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
	In normal steady state operation, to minimise unnecessary power consumption and additional overheads, we should strive to keep LP-WUS activation and deactivation as simple as possible.

However, there will be times, when either the device or network knows it cannot use LP-WUS again, in which case one of the other options should be used.



	Option 2: 

Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.

	To allow the gNB to handle temporary shortages of LP-WUS resources (REs and/or power), the gNB could deactivate or re-activate LP-WUS operation, using:

DCI bits
MAC-CE values
LP-WUS payload



	Option 3: 

Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
	To prevent the scenario where the device is monitoring LP-WUS but has not detected a LP-WUS for a long period of time, due to either missing a gNB command to deactivate LP-WUS or loss of LP-WUS coverage, the following option is recommended:

1.  A LP-WUS inactivity timer which triggers either a fallback behaviour, some measurement check and/or UE feedback to the gNB.

Note, in general, we are against introducing a dummy periodic LP-WUS to avoid this problem.


	Option 4: 

Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission
	To minimise power consumption, the LR and MR should ideally never be monitoring, WUS or PDCCH, respectively, at the same time.  However, there could be times when the LR may be awake and monitoring for the WUS, when the MR is also required to be actively receiving e.g. performing ongoing measurements or monitoring a response to UL scheduling request.  To enable consistent UE behaviour for all cases, it would seem preferable that UE would monitor the PDCCH based on the legacy procedures.
Hence, when some (legacy) procedure requires UE to monitor PDCCH, UE should resume PDCCH monitoring. If this prevents UE monitoring LP-WUS, then UE should assume that LP-WUS has triggered PDCCH monitoring in any LP-WUS monitoring occasions that UE has missed (and monitor PDCCH accordingly). This would be aligned to the Rel-16 DCP related behaviour.








Given the comments raised in the table above, we have the following proposals.


Proposal 7:        	For the LP-WUS connected mode scheme selected, a mode of operation (option 1) of LP-WUS activation/deactivation is supported that requires no additional indication/condition (option 1).

Proposal 8:   	For the LP-WUS connected mode scheme selected, the gNB supports a mode of operation (option 2) to use a L1/L2 dynamic mechanism to indicate to UEs the temporary deactivation or reactivation of LP-WUS usage.
FFS:   Exact details of L1/L2 scheme

Proposal 9:   	For the LP-WUS connected mode scheme selected, support (network) configured mechanisms, to deactivate LP-WUS monitoring and fallback to a recovery mode of operation. 
FFS:  If this UE initiated fallback procedure triggers UE feedback to the network.

Proposal 10:     	For the LP-WUS connected mode scheme selected, if some (legacy) procedures require UE to monitor PDCCH, UE shall follow the legacy behaviour. If UE is not able to monitor a LP-WUS monitoring occasion(s), UE shall resume PDCCH monitoring as it would be triggered by LP-WUS.

[bookmark: _Toc158194664][bookmark: _Toc158724795][bookmark: _Toc163071513][bookmark: _Toc166013863]2.4	LP-WUS payload

In this section, we provide our initial thoughts on various aspects of the payload for connected mode.

The connected mode LP-WUS payload has discussed several times now.

At the RAN1#116 meeting the following agreement was made:

	Agreement
For RRC CONNECTED mode, maximum number of LP-WUS information bits is up to X bits 
· FFS value X, which is no more than [8 or 16]




At the RAN1#116-bis meeting, a set of payload options for further consideration was agreed.

	Agreement
Regarding the LP-WUS information to trigger PDCCH monitoring of RRC connected UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] UEs
· Option 2: A codepoint value corresponding to one or part of UE identity, e.g., C-RNTI
· Option 3: A codepoint value corresponding to [one or more] UEs
· Option 4: Multiple codepoint values with each corresponding to [one or more] UE(s)
· Option 5: Multiple bit blocks with each corresponding to [one or more] UE(s)
· Combination of above options are not precluded.
· FFS how to carry LP-WUS information, e.g, by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences. 
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· FFS details of LP-WUS information to trigger PDCCH monitoring (e.g. whether above is applicable to one or more serving cells)






First, there is the question of the maximum number of information bits to be supported.  Of the 2 values, we prefer the smaller value of 8 for the following reasons:

· 8 is better for coverage
· To make scheduling with other traffic easier, it is preferable to limit the overall LP-WUS size to a slot.

Whilst we support the option to study further the to use an overlaid sequence in connected mode, we believe that to ensure wider LP-WUS usage in general, we should strive to re-use the same basic but power efficient non-FFT-based LP-WUS detectors that are expected to be used for the idle-inactive mode of LP-WUS.

Proposal 11:     	For RRC CONNECTED mode, the maximum number of LP-WUS information bits is up to 8 bits without the use of an overlaid sequence.
FFS:   The use of an overlaid OFDM sequence.

For the 5 payload options under consideration, RAN1 should first agree on the amount of information bits and the associated level encoding required, to ensure reliable decoding.  If this is limited, then many additional options, like the indication of SCell Dormancy using bit blocks (option 5) can be ruled out.

Proposal 12:         RAN1 determines the maximum amount of information bits and associated encoding before discussing the preferred payload content.

Even if there is a large enough payload to support a 16-bit C-RNTI, we believe Option 2 can be deprioritized now for the following reasons:

· Inefficient use of air interface resources
· For this UE-specific C-RNTI style payload to approach the RE resource efficiency of other simpler schemes, then you’d have to ensure that using the same REs, different C-RNTI LP-WUS messages could be transmitted simultaneously.  However, for this to be possible, more advanced and more power hungry FFT-based LP-WUS receivers are likely to be required, which will prohibit the use of cheaper and more power efficient LP-WUS receivers.

Proposal 13:         RAN1 deprioritize option 2 (UE specific codepoint) for LP-WUS information to trigger PDCCH monitoring of RRC connected UEs

Of the 5 options under consideration, 4 of the options are described with the term “[one or more] UE(s)”.   We have the following views regarding the support of one or more UEs using the LP-WUS.

· UE-specific usage of the LP-WUS will be the dominant use-case, given the low likelihood of multiple connected mode UEs sharing sufficiently similar traffic types, to make shared LP-WUS viable. 

· The maximum number of UEs that are likely to share sufficiently similar traffic to justify also sharing a common LP-WUS, will be low, e.g. 8 or less.   
· If this low number is correct, then we see little justification in elaborate sub-group schemes catering for such larger number of UEs.   

· To minimize false wake up for UEs sharing the same LP-WUS whilst also maximizing the number of UEs that can be signaled using the same LP-WUS, a bitmap approach (option 1) is preferred.
[bookmark: _Hlk166013170]
Observation 4:     The number of UEs that are expected to share the same LP-WUS in connected mode, is likely to be very low.


[bookmark: _Toc165907691][bookmark: _Toc158724799][bookmark: _Toc166013864]2.5	Coexistence with existing UE power saving features
At the previous RAN1#116-bis meeting, many companies provided their view on the coexistence with existing UE power saving features.  We support that the LP-WUS in Connected mode, can at least be configured without any of the related power saving features.  


[bookmark: _Hlk166231681]Proposal 14:        For RRC CONNECTED mode, the LP-WUS can be configured without following existing features. 
· Rel-16 DCP
· Rel-17 PDCCH skipping
· Rel-17 SSSG switching
· Rel-18 cell DTX
FFS:    How the LP-WUS may or may not, co-exist with these features if configured.


More detailed analysis of the co-existence with these features, is dependent on other decisions on LP-WUS design features such as the:

· The maximum number of information bits
· The LP-WUS to PDCCH triggering scheme


2.5.1	Early Termination of PDCCH Skipping using LP-WUS

[bookmark: _Toc158194673][bookmark: _Toc158724805][bookmark: _Toc163071521]For Release-17, the PDCCH skipping power saving schemes was specified that enabled the network to use either 1 or 2 bits within existing DCI-formats 0_1/0_2/1_1/1_2, to signal to a UE to skip a pre-configured defined duration in which the UE is not required to monitor PDCCH monitoring. 
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The 3 possible non-zero PDCCH skipping durations above, are preconfigured by RRC using the pdcch-SkippingDurationList-r17 IE


	pdcch-SkippingDurationList
Provides one or more values to derive the skipping duration in unit of slots, as specified in TS 38.213 [13], clause 10.4. The DCI which schedules data indicates which of the values is to be applied (see TS 38.213 [13], clause 10.4). For the 15kHz SCS, for each entry, only the first 26 values are valid and correspond to {1, 2, 3, …, 20, 30, 40, 50, 60, 80, 100}. For the 30kHz SCS, for each entry, only the first 46 values are valid and correspond to {1, 2, 3, …, 40, 60, 80, 100, 120, 160, 200}. For the 60kHz SCS, for each entry, only the first 86 values are valid and correspond to {1, 2, 3, …, 80, 120, 160, 200, 240, 320, 400}. For the 120kHz SCS, for each entry, the 166 values correspond to {1, 2, 3, …, 160, 240, 320, 400, 480, 640, 800}. For the 480kHz SCS, for each entry, the 166 values correspond to {4, 8, 12, …, 640, 960, 1280, 1600, 1920, 2560, 3200}. For the 960kHz SCS, for each entry, the 166 values correspond to {8, 16, 24, …, 1280, 1920, 2560, 3200, 3840, 5120, 6400}.






If the traffic has a low latency requirement, but bursty traffic rate, the use of skipping can provide some power saving opportunities. However, the skipping duration can be set too aggressively due to the possible latency requirement of the traffic. This can be overcome if the LP-WUS can be used to terminate the PDCCH skipping duration. Hence, once PDCCH skipping is triggered by DCI UE would start to monitor LP-WUS.  If the LP-WUS is detected within PDCCH skipping period, it could trigger the termination of skipping and UE would resume PDCCH monitoring. 

Proposal 15:     RAN1 study the use of LP-WUS to support early termination of PDCCH skipping.



2.6	Basic Assumptions

The following note is included in the WID.
	· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR



The note determines that for CONNECTED mode procedures, it is assumed that UE MR can either be in deep, light, or micro sleep. As the MR is assumed not to be in ultra-deep sleep, the MR frequency source (clocks) can be assumed to be operational. Furthermore, as we are considering CONNECTED mode operation, MR needs to be well synchronised so that it can receive PDSCH e.g. at the start of the Active time without the need for any further synchronisation (e.g. via reference signals). Therefore, it can be assumed that MR can provide synchronisation assistance to the LR, and/or LR can benefit from MR time and frequency sources. 
Observation 5: 	For CONNECTED mode, LP-WUR time and frequency synchronisation can be provided by the MR. 
Given the above observation, we believe that LP-SS is not needed during normal LR CONNECTED mode operation and that the LR time and frequency synchronisation is same as MRs.
[bookmark: _Hlk166231743]Proposal 16: 	For CONNECTED mode, LP-SS is not needed during normal LP-WUR operation with LP-WUR. 
It is also noted, that CONNECTED mode measurements (RRM/RLM/BFD/CSI) are performed by MR. As there is no explicit intent nor objective in the work item to change, offload or relax the MR based measurements in CONNECTED mode when LP-WUS is being monitored (contrary to IDLE/Inactive mode) the MR requirements can be kept unchanged.
Proposal 17: 	For CONNECTED mode, there is no change to how existing MR based measurements (RRM/RLM/BFD/CSI) are determined when LP-WUS is enabled.



[bookmark: _Toc166013865]3.   Conclusions

In this document, we have discussed several different aspects of CONNECTED mode LP-WUS design.  From those discussions, we have the following observations and proposals.

Observation 1: 	As with earlier CONNECTED mode power saving schemes, it should be assumed that the UE can autonomously activate the MR if needed for maintaining synchronisation.

Observation 2: 	To enable flexible use of LP-WUS for UE power saving benefit, the configuration of the time gap (between LP-WUS monitoring and associated PDCCH monitoring) should be network controlled.

Observation 3:     Minimising signalling to support the operation of LP-WUS can help reduce power and resource consumption as well as minimise processing delays.

Observation 4:     The number of UEs that are expected to share the same LP-WUS in connected mode, is likely to be very low.

Observation 5: 	For CONNECTED mode, LP-WUR time and frequency synchronisation can be provided by the MR. 

Proposal 1:     	RAN1 deprioritise further study into option 1-3.

Proposal 2:       	RAN1 deprioritise further study into option 1-1 as a stand-alone option.

Proposal 3:     	RAN1 prioritise further study into option 1-2 combined with option 1-1.

Proposal 4:   	A configurable minimum time gap is specified that all devices using LP-WUS in connected mode, are expected to meet.
	FFS    The value.

Proposal 5:       	From a RAN1 perspective, when enabling LP-WUS to trigger PDCCH monitoring in RRC CONNECTED mode, an option for using UE assistance is supported.

Proposal 6:    	From a RAN1 perspective, an option to support explicit UE feedback to indicate loss of LP-WUS in CONNECTED mode is supported.    

Proposal 7:        	For the LP-WUS connected mode scheme selected, a mode of operation (option 1) of LP-WUS activation/deactivation is supported that requires no additional indication/condition (option 1).

Proposal 8:   	For the LP-WUS connected mode scheme selected, the gNB supports a mode of operation (option 2) to use a L1/L2 dynamic mechanism to indicate to UEs the temporary deactivation or reactivation of LP-WUS usage.
FFS:   Exact details of L1/L2 scheme

Proposal 9:   	For the LP-WUS connected mode scheme selected, support (network) configured mechanisms, to deactivate LP-WUS monitoring and fallback to a recovery mode of operation. 
FFS:  If this UE initiated fallback procedure triggers UE feedback to the network.

Proposal 10:     	For the LP-WUS connected mode scheme selected, if some (legacy) procedures require UE to monitor PDCCH, UE shall follow the legacy behaviour. If UE is not able to monitor a LP-WUS monitoring occasion(s), UE shall resume PDCCH monitoring as it would be triggered by LP-WUS.

Proposal 11:     	For RRC CONNECTED mode, the maximum number of LP-WUS information bits is up to 8 bits without the use of an overlaid sequence.
FFS:   The use of an overlaid OFDM sequence.

Proposal 12:         RAN1 determines the maximum amount of information bits and associated encoding before discussing the preferred payload content.

Proposal 13:         RAN1 deprioritize option 2 (UE specific codepoint) for LP-WUS information to trigger PDCCH monitoring of RRC connected UEs

Proposal 14:        For RRC CONNECTED mode, the LP-WUS can be configured without following existing features. 
· Rel-16 DCP
· Rel-17 PDCCH skipping
· Rel-17 SSSG switching
· Rel-18 cell DTX
FFS:    How the LP-WUS may or may not, co-exist with these features if configured.

Proposal 15:     RAN1 study the use of LP-WUS to support early termination of PDCCH skipping.

Proposal 16: 	For CONNECTED mode, LP-SS is not needed during normal LP-WUR operation with LP-WUR. 
Proposal 17: 	For CONNECTED mode, there is no change to how existing MR based measurements (RRM/RLM/BFD/CSI) are determined when LP-WUS is enabled.
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